Abstract: The toxicity of six different Planktothrix strains was examined in acute toxicity assays with the crustacean Thamnocephalus platyurus. The presence of toxicity in two strains could be explained by the occurrence of microcystins. The other four Planktothrix strains were not able to produce microcystins due to different mutations in the microcystin synthetase (mcy) gene cluster. In these strains, toxicity was attributed to the presence of chlorine and sulfate containing compounds. The main representative, called aeruginosin 828A, of such a compound in the Planktothrix strain 91/1 was isolated, and structure elucidation by 2D NMR and MS methods revealed the presence of phenyllactic acid (Pla), chloroleucine (Cleu), 2-carboxy-6-(4-sulfo-xylosyl)-octahydroindole (Choi), and 3-aminoethyl-1-N-amidino-Δ-3-pyrroline (Aeap) residues. Aeruginosin 828A was found to be toxic for T. platyurus with a LC50 value of 22.4 M, which is only slightly higher than the toxicity found for microcystins. Additionally, very potent inhibition values for thrombin (IC50 = 21.8 nM) and for trypsin (IC50 = 112 nM) have been determined for aeruginosin 828A. These data support the hypothesis that aeruginosins containing chlorine and sulfate groups, which were found in microcystin-deficient Planktothrix strains, can be considered as another class of toxins. 
Introduction 46
Climate change as well as the anthropogenic input of nutrients into freshwaters has resulted in an increase of cyanobacterial biomasses in many lakes and rivers throughout the 48 world during the last decades (Paerl and Huisman, 2008) . These organisms are often found to 49 accumulate in very high densities also in lakes that are intensively used as recreational areas 50 or as drinking water reservoirs (Posch et al., 2012) . However, cyanobacteria are known to 51 produce and store intracellularly a wide variety of bioactive secondary metabolites, and a 52 collapse of such a bloom might liberate high amounts of these compounds into the water. In 
58
and proteases (Welker and von Döhren, 2006) . Microcystins (MCs) have been found to be 59 responsible for countless animal poisonings all over the world, and even for human toxicity 60 (Sivonen and Jones, 1999) , and cyanopeptolins and aerucyclamides received some attention 61 due to their toxicity to Thamnocephalus platyurus (Blom et al., 2003; Gademann et al., 2010;  62 Portmann et al., 2008a; Portmann et al., 2008b) .
63
There is intense discussion about the possible ecological role of MCs in the 64 environment; however, MCs are still regarded to be the primary defence mechanism of the total population density of bloom forming Planktothrix populations in European lakes (Ostermaier and Kurmayer, 2009 
87
Identification and purification of aeruginosin 828A (1) was performed on a Shimadzu 10AVP
88
HPLC system equipped with an automated sample injector, a thermostated column 89 compartment, and photo diode array detector. Mass spectra were recorded on a combined 
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A culture collection of six Planktothrix strains was established in the laboratory at the 95 beginning of this study. All cyanobacteria were grown in 300 mL Erlenmeyer flasks at 20 °C 96 under constant light conditions at an irradiation of 6 μmol m -2 s -1 from fluorescent tubes (Osram 97 930; Lumilux Delux; Warm White 3000K) in 120 mL mineral medium described by Jüttner and 98 co-workers (Jüttner et al., 1983) . Two of the six Planktothrix strains were capable of producing material). The analysis of the mcy gene cluster in Planktothrix strains was carried out as part 102 of another study as described elsewhere (Christiansen et al., 2008) . the supernatants ('crude extracts') were fractionated by HPLC equipped using a reversed 106 phase column (Hydrosphere C18, YMC, 4.6 x 250 mm, Stagroma, Reinach, CH) using two solvents: UV-treated deionised water and acetonitrile. The solvents were free of trifluoroacetic 
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Thamnocephalus platyurus, which can be easily hatched from cysts (Blom et al., 2003; Blom 117 et al., 2001) . About 20 to 30 crustaceans were transferred to each well; after 24 h, the mortality 
135
Aeruginosin 828A (1) 
140
The highly purified aeruginosin 828A was tested in a 24 h acute toxicity assay with T. 
Results and Discussion 158

Bioassay-guided fractionation
fractions, twelve were found to be highly toxic. In these fractions, three compounds were 163 assigned to known MCs, seven to unknown (sulfate-containing) cyanopeptolins, and ten were 164 sulfate and chlorine containing peptides of the size of aeruginosins (Fig. 1) 
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It was proposed that the Choi sulfate group would increase the selectivity for trypsin 237 rather than for thrombin (Sandler et al., 1998) , and that the sulfate group in the N-terminal 238 position would make a significant contribution upon inhibiting thrombin (Carroll et al., 2004 
255
The absence of chlorine was thought to be responsible for the comparatively high that aeruginosin 828A (1) represents another toxin in P. rubescens strain 91/1, a strain that 270 has lost the ability to produce microcystins due to an insertion in the mcy gene cluster. Such 271 toxicity might be also unveiled for other aeruginosins. Bioassay-guided fractionations showed 272 strong toxicity of aeruginosins only, if they contain both, chlorine and sulfate (Fig. 1) .
273
Aeruginosins bearing only sulfate, or containing neither sulfate nor chlorine did not seem to be 274 toxic to T. platyurus in the concentrations tested (P. rubescens strain 79, fraction 2; P.
275
rubescens strain 91/1, fraction 3; Fig. 1 ).
276
Water-bloom forming cyanobacteria such as Planktothrix are producing several 277 bioactive substances, most prominently MCs that are the most abundant toxins in freshwater.
278
Besides the fact that MCs strongly inhibit the protein phosphatases 1 and 2A, the ecological 279 function of MCs is still not clear. However, it is widely agreed that MCs reduce significantly the 280 survival rate of grazers such as crustaceans (Blom et al., 2006; Kurmayer and Jüttner, 1999;  281 Rohrlack et al., 1999) . Blooms of cyanobacteria are typically composed of microcystin-and 282 non-microcystin-producing strains that evolved independently (Christiansen et al., 2008) . In 
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Conclusions 290
In this note, we have reported the structure elucidation of aeruginosin 828A (1) isolated 291 from P. rubescens strain 91/1, which inhibits trypsin and thrombin in the low nanomolar range.
292
Additionally, aeruginosin 828A (1) was found to be toxic for the freshwater crustacean T.
293
platyurus, and its toxicity was determined to be only slightly higher than MCs that are the 
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